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... l^um  hydroxide  used  was  laade  tor  the  Bureau  at  Ships  »uwi«>r  eontnct 
^ywo^  <^ialc^  Comiwny,  Maywood,  New  Jersey.  This  material  la  a peUeOaed 
form  (4.14  mesh,  J.  SJ  of  the  pcmlered  material  currently  carried  lor  emereeacy  um 
on  submarines.  It  conforms  to  mUltaiy  specUlcaUon  MH  -L.2021SA(Sfalns)  dated  17  Anril 
1962  as  amended  by  speedletter  NObs.61655(549A).  ser  649-8345  daM  M^October  19tt 
and  sp^dle^r  NObs-61655(649A),  ser  549-9557  dated  17T>ecember  1953.  The  mate^ 
was  packed  in  cans  containing  an  average  of  7.5  lb  of  LICH.  A total  of  2000  lb  of  I.lON  was 
carried  on  the  cruise  and  454  lb  were  used.  * 

The  reaction  between  LtOH  and  CO,  Is  as  follows; 

a L.IOH  ♦ CO— ^14,00,*  H,0. 

^ calculatel  that  0.41  pound  of  water  Is  produced  for  every  nmind  od  CO 
absorbed  with  less  than  0.5%  water  being  present  in  the  original  material.  * 

- The  aoda-lima  used  was  WQson  Soda-Btme,  8-18  mesh  tUJBJ.  hidi 
molstvue  Indicator-type  sold  in  5-gaUoa  buckets  as  ‘Sodasotb-  by  the  Dewy  and  a]^/ 
Cherniy  Com^y,  Cambridge,  Massachusetts.  This  material  consists  of  1 i»rt  tedlin 

*“  hydroxide  and  has  a water  content  of  14  to  19% . The  reactions 

With  CO,  are  as  follows: 

2 NsOH  ♦ CO,— Na,CO,  ♦ H,0 

Ca(OB),  ♦ CO,— CaCO,+  H,0. 

/if  rT  ^ produced  per  pound  of  CO,  absorbed.  Work  at  rOBL 

shown  ^ 8-16  msh  material  to  hare  a much  higher  absorption  rate  in  hocaers 
than  4-8  mesh.  The  total  1252  tb  of  soda-lime  carried  on  the  cruise  was  completely 
oxpeodeQw  ' 


Instruments 

« ««“*  absorpttre  eflects  are  related  to  partial  pressures  of  gases  sad  not 

**  pressures  other  than  one  atmosphere  (29.9  tn.B^. 
concentratl^  in  this  report  are  given  in  terms  of  partial  pressure  or  peiceot 
eUMUve  ^«ix  ft»  hydrogen  where  true  percentage  concentration  is  the  factor  Involved 
to  flammable  limits.  The  term  ‘percent  effecUve*  is  sometimes  used  to  deep  sea  d^ 

I ****-*^  percent  coocentratloo  at  any  pressure  corrected  to  one  atmosphere, 
on  this  cnUsc  the  Dwyer  CO,  Analysers  were  the  only  gas  analysis  instruments  other 
than  the  hydrogen  analysers  that  read  true  percentages  so  only  their  readings  needed  pres- 
s' TiSr  *#’W‘**  “ * “T'**’  l-S*  was  obtained  boat  pwT 

sure  os  36.0  in.  Hg  ibe  efloetlve  In 

* 2-5  ■ 1.8%  dfocUva. 

dive^M^imUaUbedta  measurements  made  to  each  oompartment  durtag  both 


COKFIDENTIAI. 


■■  ■ - ' ^ 

■ • — /-A  “ - ■ 

^ .‘v 


1 

I 


I 

I 


! 


CO,  An;dy;^r3  — The  Instruments  used  in  the  forward  torpetlo  room  and  the  control 
- room  were  the  infrared  absorption  type  developed  for  use  on  the  troop  carrying  sidtmarlnes 
^ PCIrCH  and  SEA  LION  (ASSPS13  and  ASSP31S).  They  are  continuously  indicating  instru- 

ments made  by  the  Liston-Becker  Instrument  Company,  Stamford,  Connecticut  as  model 

No.  a. 


The  instruments  us^  in  the  forward  and  after  battery  rooms  and  the  maneuvering 
room  are  regular  submarine  issue  reading  from  0 to  S%  true.  They  are  manufactured  by 
the  F.W.  Dwyer  Mmiufacturing  Company,  Chicago,  Illinois  stock  no.  57-1-432;  order 
no,  NT40s~?084iA.  The  operating  principle  is  one  of  voluxMtric  change  similar  to  the 
Orsat  analyzer  and  analyses  arc  batchnlse. 

Ca  Analyzer  — The  instruments  used  in  the  forward  torpedo  room  and  the  forward 
battery  room  are  staitdard  Navy  issue,  the  latter  Instrument  belonging  to  the  ship.  They 
are  made  ^ Arnold  Q.  Beclunan,  Pasadena,  California  and  may  be  Identified  as  model 
N-1  (contract  NObs  23133).  The  principle  of  operation  U one  o!  paramagnetism  and  the 
instruments  are  continuously  indicating. 

NRL  Composite  Gas  Analyzer  — Concentrations  of  CO^,  oxygen,  hydrogen,  caxbon 
monoxide,  and  malhane  as  well  as  boat  pressure  were  measured  In  the  stem  room  by 
Model  1 Serial  1 of  the  NRL  Composite  Gas  Analyzer,  which  was  developed  by  NRL  for 
use  on  the  US3  NAUTILUS  (SSN571).  The  principles  of  operation  are  infrared  absorption 
for  CO,  COj,  and  methane  measurements,  thermal  conductivity  tor  hydrogen,  and  para- 
magnetism for  oxygen.  Pre.ssure  measurements  are  based  on  the  aneroid  pi^clple  but 
for  this  cruise  had  a maximum  reading  of  32  in.  Hg.  All  gas  aiul  pressure  measurements 
are  automatically  recorded  on  a Brawn  recording  potentiometer  in  addition  to  being  con- 
tinuously indicate  on  panel  meters. 

Hydrogen  Eliminator  — This  unit  is  standard  Navy  issue  and  was  sc  powered.  The 
operating  prlheljAe  Is  one  of  catalytically  oxidizing  hydrogen  to  water. 
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Caloilatlons  on  COi  evolution  and  Oj  consumption  require  that  the  volume  of  air  in 
the  boat  (Uoodable  volume)  be  known.  Although  a figure  of  35,850  cu  ft  is  available  from 
the  ship's  moment  diagram  Its  Mcuracy  Is  open  to  question  for  the  conditions  of  ihese 
tests.  With  the  alongside  the  tender  after  returning  to  New  London  but  still  In  approx- 
imately the  same  condition  as  la  both  dives  an  attempt  was  made  to  raeuure  this  vedume. 
A water  manometer  was  connected  between  the  inside  of  the  boat  and  the  open  atmosphere 
by  means  of  a drain  connection  from  the  torpedo  room  escape  trunk.  The  outer  hatch  was 
left  open;  on  dosing  the  inner  hatch  and  sealing  the  boat,  the  steady  pressure  rise  due  to 
leaks  was  measured  by  aaeans  of  the  manometer  exactly  5 minutes.  Then  the  boat  pressure 
was  equallxedwlHi  atmosidierlc  pressure  by  opening  the  inner  hatch.  After  again  sealing 
the  boat,  two  weighed  200  cu  ft  cylinders  of  nitrogen  were  released  into  the  inside  atmos- 
phere a^  manometer  readings  were  taken  after  3,  4,  and  5 minutes.  The  following  data 
was  obtalsed: 

Initial  combined  weight  of  Na  cylinders  « 2Sg^l/I  lb 
Final  cnmWnsd  weight  eC  N,  cylinders  * 201-S/4  Bi 
Prasaure  rias  dua  to  leaks  Is  5 misulss  - • nun  HkO 
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Pronsure  rise  alter  3 ntihutes  of  N,  release  period  ■ 104  nua  H,p 

Pressure  rise  alter  4 ninutee-ol  Nj  release  period  >•  106  nun  HiO 

Pressure  rise  alter  5 minutes  of  N,  release  period  * 108  xnm  HgO. 

With  the  ahove  data  and  by  assuming  the  Gas  Law  and  Dalton's  Law  to  hold  and  the  Bys> 
tem  to  be  isothermal,  the  wolume  ol  the  boat  can  be  calculated  as  follows: 

V - atmospheric  pressure  x vol.  of  K,  released  r.t  760  mm  Hg  and  IffT 
* boat  pressure  produced  by  released  N, 

- . 38,500  cu  ft  ol  floodable  volume. 

7*2o 

The  pressure  correction  due  to  leaks  was  obtained  by  averaging  Jte  result  of  tbe  first 
S-mlnute  period  with  that  resulting  from  an  extraixdatlon  of  the  straight  portion  of  the 
pressure  curve  for  the  second  S-mlnute  period. 

Another  basis  for  calculating  this  volume  is  the  change  in  average  COa  coneentratioa 
produced  at  the  beginning  of  the  second  dive  tfrom  1200  to  1415  on  12/3)  by  releasing  CO, 
from  a cylinder.  In  this  case  42  lb  of  COa  were  released  In  2-1/4  hr,  and  combined  with 
the  evolved  respiratory  COj  produced  a change  in  effective  ceneentniuon  of  1.2% . Tfaia 
permits  the  following  calculation: 

Total  CO,  released  k CO,  from  cylinder  ^ CO,  from  respizatlaa 

.42  ^2.25  xOXaS  X.7S  , 42^.  .14  . ggp  en  ft 
0.1147  0.1147 

boat  volume  ■ 41,000  eu  ft. 

0.018 

CARBON  OIOJODE  REMOVAL 

Hoppers  were  used  during  both  dives  to  contrtd  the  CO,  concentration  snd  tbe  rate  oi 
clearing  the  boat  was  determined  after  surfacing  (Table  1). 

Hopper  Operattoa 

General  ->  Hoppers  were  operated  to  maintain  the  average  eHeeUve  CO,  concentrstlca 
at  about  1.5%  during  both  dives  exi  ept  near  the  end  of  tbe  second  dive  when  the  object 
was  to  lower  the  concentration  as  rapidly  as  possible.  Performance  of  tbe  absorbents  was 
determined  by  chemically  analyzing  representative  samples  (Appendix  C)  in  addition  to 
weighing  the  hopper  centents  b^re  and  after  use  on  spring  scales  locat^  by  each  bojn>as. 

Operating  Procedure  For  the  first  dive  (Fig.  6),  after  a normal  CO,  buildup  period 
of  about  10  hours,  threoToppers  were  operated  with  soda-lime  chargings  staggered  at 
intervals  of  about  6 hours  betweenrecharglngs for  eseh  hopper  (procedure  A).  The  hoppers 
'were  spread  over  the  ship  with  number  1 being  in  tbe  forward  torpedo  zoom,  number  3 In 
tbe  control  room,  and  number  8 In  the  stem  room.  For  tbs  second  dive  (Fig.  5)  sU 
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hoppers  were  operftted  In  the  torpedo  room  with  numbers  1 and  2 beln^  near  the  torpedo 
tubes,  num^r  3. by  the  erew’s  washsUnd,  and  number  4 In  the  citim's  shower  with  the 
door  open  sind  a bracket  fan  providing  ventUaWh."The  Initial  delay  required  lor  the  CO| 
concentration  to  reach  1.5%  was  reduced  to  3-1/4  hours  by  releasing  CO,  from  a cylinder. 

Curing  the  second  dive,  (from  1415  on  12/3  to  1120  on  12/4)  two  ho|^rs  were  re^rged 
alternately  with  UOH  at  Intervals  of  about  5 hours  for  each  hopper  (procedure  B).  From 
1120  on  12/4  to  1200  on  12/S  four  hoppers  were  recharged  alternately  in  pairs  with  soda- 
lime  at  Intervals  of  about  8 hours  for  each  pair  (procedure  C).  All  hopper  fans  were  ctf 
for  4S  minutes  cf  UUs  period  (1800  to  1945  on  11/4)  due  to  a power  failure.  From  120*) 
to  2400  on  12/5  two  hoppers  were  reoharged  alternately  with  soda-Ilmc  at  Interrals  of  4 
hours  for  each  hopper  (procedure  D).  From  2400  on  12/5  to  1000  on  12/6  three  hopper* 
were  recharged  In  sequence  with  LiOH  at  Intervals  of  0 hours  for  each  hopper  (procedure £}. 
However,  only  one  hopper,  number  1,  operated  for  the  full  period.  From  0900  to  1530  oa 
12/6  three  hoppers  were  recharged  In  sequence  with  LiOH  at  Intervals  of  about  1-1/2 
hours  tor  each  hopper  (procedure  F).  There  was  some  overlap  Initially  with  the  prevtoos 
procedure. 


TABUS  1 

Summary  of  CO^  Removal  Procedure 


Dive 

Time  Submerged 
(hr) 

Procedur* 

1 

0-10 

Allow  CO,  concentration  to  build  up  at  normal  rate  to  1.5% 

10-39.5 

Operate  3 ttoppers  with  soda-lime  at  1.5%  CO,.  Spread  1 can 
(about  7. 5 Ib)  of  UOH  for  3 hours.  Determine  bow  rapidly 
boat  can  be  cleared  after  surfacing. 

2 

0 -3 

Release  bottled  CO,  to  accelerate  julld-up  of  CO, 

3-24 

Cperate  3 hoppers  with  UOH  at  1.5%  COk 

24  -49 

Operate  4 hoppers  with  soda-lime  at  1. 5%  CO^ 

49-81 

Operate  2 hoppers  with  soda-lime  at  1.5%  CO,.  Spread  1 can 
(about  7.5  lb)  of  UOH  for  4 boura. 

81-70 

Operata  3 hoppera  with  UOH  at  1. 5%  CO, 

70-77 

Cerate  3 hoppera  with  UOH  to  reduce  CO,  concentration 

77  - 82.6 

Stand  by  for  surfacing.  Determine  bow  rapidly  boat  can  ba 
cleared  after  surfacing. 
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The  absorbent  pertormanc.es  as  determined  Iron  subsequent  chemical  analyses  arc 
given  in  Table  2.  The  saturations  are  based  on  the  theoretical  capacity  ol  0.01  pound  of 
C0|  per  pound  cl  LlOH  and  the  expcrtmentally  determined  value  of  0.3S  pound  of  CO,  per 
pound  ol  soda>llme.  Tte  values  la  excess  of  100%  for  soda-lime  are  not  Bignillcant  except 
as  an  Indication  of  the  over-all  accuracy  of  the  data.  Figure  6,  based  on  Table  2,  shoes 
the  relation  between  exposure  time  ntd  saturation  for  soda-lime  and  LlOH  In  hoppers 
operating  In  an  atmosphere  contalnl^  between  1.1  and  1,9%  CO,  etfectlVe.  Table  3,  also 
based  on  Table  2»  gives  the  results  In  terms  of  pounds  and  cubic  feet  of  absorbent  required 
per  maiirbour  protection  at  approximately  l.S%  COi  effective.  The  man-hour  equivnl^ 
of  CO,  Involved  In  this  method  of  calculation  Is  discussed  on  pege  17. 

While  opexatlng  under  the  final  ptoeedure  vrhere  the  object  van  to  reduce  the  ellecttve 
CO,  concentration  as  rapidly  as  possible,  216  lb  of  LlOH  were  used  to  tower  the  average 
concentration  In  the  boat  from  1.6  to  0.7% . This  required  7 hours  and  the  average  satura- 
tion of  the  spent  LlOH  was  38% . 

Only  one  hopper  filter,  which  Imd  been  used  during  12  fillings  with  eoda-llnM  and  live 
with  LlOH,  ras  changed  during  both  dives.  Although  the  replacement  had  lower  flow  reslat- 
ance,  no  significant  operatlxig  advantage  waa  noted.  To  investigate  the  feasibility  of  clean- 
ing used  filters,  the  used  unit  was  returned  to  NHL  and  Installed  la  a similar  hopper  filled 
with  soda-lime.  The  flow  and  resistance  data  In  Table  4 was  obtained  using  various  cleaning 
techniques;  la  all  eases  the  fay-pass  was  closed. 

Spread  UDH 

During  each  dive  one  can  (approximately  7.5  lb)ol  XAOll  was  spread  on  a bunk  In  the 
torpedo  room.  The  method  ol  spreading  was -to  put  a sheet  directly  on  the  springs  o<  a 
bunk  and  carefully  pour  the  LlOH  to  a u^orm  depth  of  loOiout  1/2  Inch.  The  material  was 
located  on  the  lower,  aft,  portslde  bunk  and  no  special  venUlatloa  was  used.  The  exposure 
time  was  3 hours  (from  0955  to  1300  on  12/2)  on  the  first  dive  and  4 hours  (from  1335  to 
1735  on  12/5)  on  tte  second  dive  but,  as  shown.  In  Table  2,  the  saturations  obtained  were 
essentially  the  same,  22  and  23% . The  small  amount  of  CO*  removed  by  the  spread  aaate- 
rlal  had  no  effect  on  hopper  operatloo. 

Clearing  the  Boat  on  Surfacing 

To  determine  the  rate  at  which  CO,  could  be  cleared  from  the  Bhlp’s  atmoephere 
after  switching  to  outboard  ventilation,  readings  of  effective  CO,  coneentf  atton  were  made 
in  the  torpedo  room  and  control  room  at  short  intervals  during  and  niter  surtacbig  from 
both  dives  using  Infrared  analyzers.  These  data  plus  that  automatically  recoTd^  In  the 
stem  room  permit  determination  of  the  time  required  to  clear  the  boat  imder  two  dUterent 
ventilation  conditions.  Air  Intake  (Fig.  7)  after  surfacing  from  the  first  dtve  was  through 
the  snorkel  bead  valve  and  after  the  second  dive  it  was  through  the  bridge  access  trunk. 
Figures  8 and  9 show  the  CO,  concentrations  at  various  Intervals  after  the  first  and  second 
dives  respectively.  Figures  10  and  11  show  the  concentrations  o<  and  CO,  as  well 
as  00,  dnrlng  tisjse  periods. 
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TABLE  4 

Hopper  Filter  Flow  Realstiaces 


Airflow  Through 

Preaaure  Prop 

Filter 

Across  Filter 

(cfm) 

(in.  BJO/i 

4t 

0.48 

48 

0.81 

Method  o(  Cleasinc 


No  filter 

Nooe 

None 

Knock  oa  eemeat  floor 
Air  blast  (100  psl^ 
Sock  ladlUo  acetic 
acid,  rinse  in  water, 
dry  wtth  air  blast,  and 


I*  n/^»  ni 
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Fig.  6 - CfCcct  ol  «xpMur«  tlm*  «■  aatan- 
tlo«  of  •<tda>UnM  and  UOH  la  hofptxm 
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CO|  EvoluUoa 

Tbs  total  amount  of  CO|  pzodaeed  daring  «a^  dlye  is  equal  to  the  amount  taken  up  bjr 
the  absorbents  plus  the  amount  added  to  the  atmosphere  respiration.  The  amounts 
hbsorfaed  during  each  dive  are  listed  is  Table  2 and  the  Initial  and  final  ccmcentrations  la 
the  atmosphere  can  be  obtained  from  Figs.  4 and  S.  In  the  following  calculations  a flood- 
able  volume  of  38,500  cu  ft  and  a temperature  of  70*F  are  used. 

For  the  first  dive  the  calculation  In  as  follows: 
total  CO,  evolved  ■ total  CO«  absorbed  * A COg  cone,  x boat  vol.  x COj  density  at  70^ 


CQi  evolution  rate 


- ITS  ^ (0.017.4>.000)XS8,500  X 0.1147 

« 175  4^  75  - 250  lby39.S  hr 

, _ total  CO  r ^ 

' no.  of  mea  X time  75  X 39.5 

“ 0.084  ib  CO,/naaa-hr  (0.68  eu  ft  (STP}/maa-hr). 


For  the  second  dive  the  ealculatloii  is  ss  follows: 


total  CO«  evolved  ••  total  CO,  absorbed  *■  ACO,  cone,  x boat  vol. 

X CO,  density  at  70*F  - CO,  from  cylindar 
4 CO,  resaarid  by  pumpdoWns 

- ^ 4 [(0414-0.001)  X 38.500  X 0.1147]  - 42  4 21 

- 488  4 57  - 42  4 21  • 524  Ib/82.»  hr 

CO,evolMUoB  rata  ■ -^21. , > 0.085  lb  CO,/maa-hr  (0.69  cu  ft  (STF)/maa-hr). 

70  X 82.8 

Another  determination  eras  made  at  the  start  of  the  first  dive  when  the  concentrattM 
WSB  allowed  to  build  up  at  a normal  rate  with  no  removal  by  abeorptlon  or  pumpdowas. 
The  cnlcnlatUm  tor  this  is  as  tallows: 

CO..voluUo.r.t.  g^nslty^CO, 

_ (0.015-0.000)  X 38.600  X 0.1147 
75  X iO 

- OjOM  lb  CO^/^BMa-hr  (0.71  en  ft  CSTP)/auui-hr). 
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A pM  et  oxygen  partial  preasart  throughout  the  first  and  second  dives  Is  sbowa  Is 
JOga«JLI^4Pd  12.  Although  fids  represents  resdliigs  from  only  one  instrument  the  sversgs 
far  the  tluim  Instruments  Is  not  sppredshly  different  (Append  D).  The  InteaUon  In  bott 
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dives  was  to  maioUln  the  oxygen  partlsl  pressure  around  the  nomal  atmospheric  lied 
of  lUO  mm  Hg  but  this  was  complicated  by  air  leakage  and  pumpdowns. 


Oxygen  Consumption 

All  oxygen  bled  Into  the  ship’s  atmosphere  from  the  outf^rd  high  pressure  banks  was 
metered  through  a dry-test  gas  meter  under  conditions  of  known  pressure  and  temperature^ 
A laboratory-type  flowrator  was  connected  tn  series  with  the  gss  metei^^  fsellitete  settlag 
the  bleed-ln  rate  as  determined  by  the  average  (Arttal  pressure'.  Hourly  readings  of 
ths  gas  meter  and  the  flowing  gas  temperature  plus  the  barometric  prassura  permit  calca- 
latloD  oi  the  mass  flow  of  oxygen  tiurougbout  both  dives.  These  date  and  oaiftuiatioM  are 
sumLiarlxed  In  Appendix  E. 

For  the  first  dive  oxygen  consumption  calculattona  are  eomplleated  by  the  noraaal 
leakage  of  high  pressure  air  Into  the  boat  and  the  change  In  the  average  0^  partial  piaasuie 
existing  at  the  end  of  the  dive  (Appendix  D).  By  assuming  the  Gas  Law  and  Dalton’s  Law 
to  hold,  the  temperature  and  water  vapor  pressure  to  be  conatant  (the  former  at  TtFF),  all 
leakage  to  be  air  containing  21%  oxygen,  and  a negliglbte  effect  from  the  small  pumpdowa 
(at  0^  on  12/2)  it  la  possthte  to  rslrulsto  the  oxygen  eoosumpttoa  rata  for  the  first  dive 
aa  folloma: 

total O,  consumiMl « O,from  lealoiga  ♦ 0,bted  In  content  ci  atmoaphare 
• 148  ♦ 12S  X 22,500  X 0.082t 


• 148  ♦ 125  - 484  • 287  Ib/SOlir 
227 

O,  conaumpUoa  rate  > — ; 0.078  lb  Ob/aaaa-hr  (0.87  cu  ft  (STP)/inaa-hi). 

75  X 89 

For  the  second  dive  there  sre  some  sddtttonsi  compHcstions  la  thst  O,  to  reseoved 
during  pumpdowns  and  to  consumed  by  toe  Iqrdrogen  ellminstor.  UtbssamesssumpUoossra 
mads  as  lor  tbs  first  diva  except  that  pumpdown  effects  sre  not  negligible  but  thst  leakage 
rate  and  gas  concentrations  (%  true)  are  .constant  during  pumpdowns,  it  to  possOas  to 
calculate  tbs  coosumpUos  rate  for  the  second  dhrs  as  follows  (refer  to  Fig.  12  sad 
Appeodixas  D sad  K): 

total  O,  conmimsd  ••  O,from  leakage  * <\  bled  ta  - AO,  content  of  stuosphsiw 
- O,  removed  by  pumpdowns  - 0^  used  Igr  the  burner 

- 242 418  - 8.4  - 820  - 20.4  - 298  lb/B8  hr 

Oh  conitumpHoe  rate  ■ « 8.005  lb  <\/auui-hr  (0.72  eu  ft  (!3TP)/maa-hr). 

75  X 12 

Ths  after  nuUa  oxygea  bank  bavtog  a aomlnsl  latemal  volume  of  SO  ca  ft  was  used  for 
both  dives.  A rough  check  on  Us  vobiM  was  made  using  data  from  tfaa  Drat  dive.  Bourty 
bank  preasure.aM  sea  water  temperature  readings  (App^to  E)  were  takes  sad  tax  lbs 
first  dive  toa  initlsi  vaiaM  mxe  )M5  pidg'Shd  ifJt,  Tbs  final  values^wers  224(1  pslg  - 
and  72  V at  which  Ubm  1400  ca  ft  (STP)  of  oxygea  (as  measured  with  the  gas  asate^  had 
beta  xeaMived.  From  this  iaionaattoa  the  bank  yolaaie  can  ba  calculated  as  50.7  catc. 
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HYDROGEN  EVOLUTION 

The  hydrogen  concentration  (Figs.  12  and  13)  throaghout  the  first  ai^  second  dives 
was  measured  by  tiie  NRL  Composite  Gas  Analyzer.  There  was  a normal  buildup  of  hydros 
geii  during  the  first  dive  With  the  concentration  at  this  battery  discharge  rate  leveling,  off 
at  about  0.9%.  During'  the  second  dive  there  was  a normal  buildup  until  the  hydrogen  elim- 
ihator  started  operating  at  about  1500  on  12/5.  The  concentration  bad  leveled  off  to  approd- 
mately  1.75%  at  this  point  which  is  higher  than  the  previous  dive  because  of  the  lower  bat- 
tery discharge  rate.  Operation  of  the  eliminator  reduced  the  concentration  to  1.1%  where 
the  eliminator  operated  at  reduced  efficiency  due  to  the  low  concentration  of  hydrogen 
resulting  from  decreased  gassing  of  the  batteries. 


CARBON  MONOXIDE  EVOLUTION 

During  the  first  dive  there  was  a steady  increase  in  the  effective  CO  concentraUoa, 
reaching  a maximum  of  about  150  parts  per  million  (0.015%)  at  the  end  (Fig.  12).  Unre- 
stricted smoking  was  permitted  diirlng  this  dive  and  no  known  CO  removal  ^stem  wan 
operating. 

There  was  a slower  buildup  of  die  CO  concentration  during  the  second  dive  (Fig.  13) 
and  after  the  hydrogen  eliminator  was  started  it  renaained  essentially  constant  at  75  parts 
per  million  (0.0075%). 

During  this  dive  smoking  was  nominally  restricted  to  one  cigarette  every  2 hours  or 
its  equivalent  In  cigars  or  pipes.  There  were  frequent  violations  of  this  restriction  but 
it  is  quite  certain  that  the  amount  of  smoking  on  tte  second  dive  was  constdexably  leas 
than  on  the  first  dive. 

The  first  dive  was  characterized  by  a high  Incidence  of  headaches  near  the  end  of  the 
dive  which  varied  from  mild  to  severe.  A possibly  related  fact  was  that  high  incidence 
of  seasickness  was  experienced  on  surfacing  In  a rough  sea.  Headaches  were  fewer  and 
milder  on  the  second  ^ve  and  seasickness  was  not  evident  on  surfacing  In  a somewhat 
less  rough  sea. 


STIBINE  EVOLUTION 

The  stiblne  (SbH,)  concentimtlon  was  determined  in  the  stem  room  near  the  start  of 
the  second  dive  (2030  on  12/3)  and  again  near  the  end  (1242  on  12/6)  by  drawing  a known 
quantity  of  air  through  silver  nitrate  impregnated  silica  gel  and  subsequently  analyzing  it 
at  NRL  by  the  rhodamlne  B method.  Then  again  ^ New  London  additional  determinations 
were  made  In  the  engine  room  while  the  batteries  were  being  charged  at  the  iinishing  rate. 
The  results  (Table  5)  show  that  essentially  no  sUbine  was  present  during  the  second  diva 
but  significant  amounts  were  present  near  the  end  of  battery  charging  after  the  second 
dive. 


FREON  GAS 

Samples  of  the  ship’s  atmosphere  were  collected  In  evacuated  bottles  near  tlie  end 
of  both  dives  (1015  on  12/2  and  0015  on  12/0)  and  were  subsequently  analyzed  by  ma  .lnZi^ 
red  spectrophotometer  at  NRL.  The  only  dilletehi  stmospherte  inipredie^  revealed  by 
these  analyses  was  Freon  12  (dichlorodtfluorotaethane)  gas  In  coocentrattona  of  approxi- 
mately 2000  parts  per  million  (0.2%). 
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TABliBS 

Stlbtos  (SbH,)  CoocentraUoM 


2030  oa  12/3 
1242  on  12/e 

2312  on  12/7 


Place 

Coocentraiioa 
(parts  per  rdlHon) 

Stem  room'-2nd  dive 

0.00 

Stem  room— 2ad  dive 

0.00 

Engine  room -batteries 
> on  finishing  rats 

0.62' 

0.57 

0.76 

0.55 

0.66 

' - 0.63  avg 

i 

Location  of 
Teat 

1 

Absorbent 

1 

NRL* 

LlOH  j 

Soda-lime 

Soda  -llme/UOH 

USSTROXJT 

1 

LiOH 

UOU 

Soda-lime 

Ooda-llme 

Soda-lime 

TABLES 

Sunitnarr  of  Abaorboat  Performancna 


Mo.  dt 


Atasorbeid  Use  Factors 

Weight 

Ib/man-hr 

Volume 
cu  ft/man-hr 

Cost 

9/mi»-1ur 

0.0042 

0.005S 

1.39 


LiOH 

I 

UOU  9 0.10  0.0038 

Soda-Unw  9 0.28  0.0068 

Ooda-llnM  9 0.98  0.0054 

Soda-lbM  4 0.24  0.004T 


vRoXoronc*  2 

DI9CU8SIQM 
Hopper  OperatlcMi 

The  hoppers  performed  very  moch  as  expected  alttaoq^  tt  was  not  aatlclpMed  Had 
the  C!Oa  concentrmtlOB  would  remain  as  constant  as  It  did.  A comparison  (Table  6)  of  tlie 
— reaiffltoxbtalned-iro>m-tiie  two  dives  wMi  tiie  antle^ated  peiformaaces  based.cn  Xjdmnbwy 
experiments  (2)  shows  tSiat  ^ results  obtainei^.  with  LiCU  used  In  two  hoppers  axe  in  good 
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AgTAemAnt.  The  pertfinoAnees  ol  8odA>lime  med  ta  three  hoppers  also  eompsre  IsvorAbly. 

The  effect  of  the  amoust  cl  aaterial  trposed  aioae.ttxBe  on  tbelefflclency-ot  abwirbent 

tttllltation  can  be  -seen  ly  comparing  the  three  shipboard  tests  lOr  soda-lime  adl  the  tve 
shipboard  tests  for  Li(&.  From  Table  d it  is  evident  that  only  86%  as  much  soda-itmo 
to  required  if  four  hoppers  are  used,  bieteail  ot  two.  For  LlOB,  81%  as  much  abaoxbeat 
is  requirec  ahen  three  hoppers  are  used  Instead  ot  too. 

As  to  toe  relative  merits  ol  soda-ilme.and  XilOH  toe  rattorgiven  in  Table  6 reaaala 
essentially  unchanged  by  data  from  toe  two  dives  which  are  slightly  more  favorable  for 
soda-lime.  Thus,  if  la  toe  Interest  ot  economy  soda-lime  to  used  instead  of  IdOH  tto 
weight  requirements  will  be  140%  greater  whUc  toe  volume  requirements  will  be  only  88% 
greater.  Two  factors  in  favor  of  s^-Ume  are:  <1)  It  does  not  have  the  highly  irritatiiig 
dust  that  LlOH  does  and  (2)  it  may  be  discarded  after  use  unlike  LiOH  which  must  be  smred 
because  of  its  high  recovery  value.  A disadvantage  (7)  to  that  soda-lime  is  ineffective  at 
low  temperatures,  I.e.,  of  the  order  of  45  to  50^;  therefore,  LIOH  would  still  be  neecssaiy 
for  selvage  eondittoiis. 

Filter  performance  appeared  to  be  satisfactory  although  some  irritating  dust  was  evi- 
dent when  the  l^-pass  was  opened  on  a hopper  frei^y  till^  with  LIOH.  A posstble  Polnttoa 
may  be  to  leave  the  by-pass  closed  until  the  small  paztieles  of  LIOH  remaining  in  the  bed 
have  converted  to  the  much  leas  irritating  Ll,CO^  Uost  of  toe  discomfort  in  using  LiOH 
resulted  from  emptying  hoppers  containing  a high  percentage  ol  unused  material  as  during 
toe  period  of  toe  second  dive  when  the  object  was  to  reduce  the  CO^  conoentration  as  xt^i- 
idly  as  possible.  The  mbdng  and  sampling  produced  considerable  duat  but  this  to  normal 
oparating  procedure.  Filter  cleanlnga  by  tsppincK  slf  blasting,  and  soaktog  la  dilute  scM 
aU  prov^  ineffective.  However,  the  filter  used  vraa  clogged  largely  with  soda-Ume  tad 
pre^us  experience  has  Indicated  that  tapping  and/or  air  blasting  to  effective  on  s lUter 
which  has  been  used  with  LiOH. 

The  location  of  toe  hoppers  on  the  ship  appeared  to  have  no  significant  effect  on  their 
performance  or  the  CO^  concentratlcns  to  various  compartments.  Thus,  toe  control  roca 
concentration  was  eonstotently  hl^er  than  toe  furvud  torpedo  and  stem  rooms  whether 
a hopper  was  located  in  each  of  these  eampartmeiats  as  la  the  first  diva  or  whether  an 
hoppers  werv  in  the  forward  torpedo  room  as  in  the  hecood  dive. 

The  data  obtained  from  reading  hopper  toermontetsrs,  and  hopper  Inlet  sad  outlet  CCh 
coocentratlons  during  too  two  dives  are  not  adequate  to  decide  on  toe  practicability  of  detpr- 
mining  absorbent  saturation  by  temperature  difference.  This  apparently  to  due  primarily 
to  toe  inaccuracy  of  the  thermometers.  Howerer,  since  toe  CO*  concentration  remained 
fairly  constant  at  1.5% , laboratory  data  ot  toe  type  shown  in  Fig.  14  will  give  the  desired 
informatiaa  if  toe  airflow  rate  and  inlet  COi  eceiondrattoo  are  specified. 

Although  toe  original  intentUm  was  to  operate  at  S%  for  part  ot  toe  time,  the  effect  of 
CO,  concentration  was  not  investigated  dui^  either  dive  because  alter  finding  that  toe 
concentration  remained  essentially  constant  ^ was  felt  that  the  time  could  be  better  sppNt 
investigating  otoer  operating  variables  which  are  utd  so  readily  studied  to  the  laboratory. 

For  a ^ven  absoitant  and  hopper  model  a femily  of  carves  reUding  saturation  wlto  exposure 
time  to  various  CO,  concentrations  (Fig.  6)  vouid  pendt  selection  of  a hopper  aystem  tor 
aay  gtvea  altoatton. 

Aa  with  any  other  type  of  shipboard  CO,  removal  s^ton,  s rudd  decrease  ta  ocoeea- 
_ tnttoa^to.npt  Apay  to  achieve.  From  toe  staiodpotot  oC  maktog  eaeapes  fnm  a^sunlM 
marine"  toils  abill^  is  djesirable' since  to  any  flooding-up  type  esci4ie''toe'CC^  wouU"  "" 

rapidly  become  dangerous  if  it  started  at  1-1/2%  at  one  atoaoephsre.  Thus,  If  it  to 
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necessary  to  equalise  ttw  submartna’s  atmospbere  with  sea  pleasure  at  100  leet  under 
these  conditions,  the  resulting  elfectfre  concentration  wlU  be  8.0%  and  at  200  feet  It  will 
be  10.5% . The  fact  that  7 bours  was  required  at  tte  end  of  the  second  diva  to  reduce  the 
ooncentrotloo  from  1.9  to  0.7%  Is  undesirable  but  this  was  lor  the  entire  submarine  where 
the  total  quantity  of  CQ^  In  the  atmosphere  at  1.9%  is  considerable  (about  73  lb).  It  wotdd 
thus  be  more  desirable  — and  more  likely  — for  activities  to  be  confined  to  a single  com- 
partment. It  should  be  noted  that  equalising  pressure  in  a compartment  is  not  normal 
escape  procedure  on  tfala  abip  but  It  is  on  others  and  the  possibility  of  unavoidable  pres- 
sure buildup  should  not  be  n^ected.  Two  other  facton  should  be  noted  In  this  use  of 
liiOU:  (1)  frequent  hopper  chargings  where  ody  sli([d*il7  used  material ‘s  removed  la  a 
rather  dusty,  unpleasant  Job,  and  (9  ao  spread  awterial  was  used  to  augment  tbe  hoppers 
la  this  test. 

SpreadUOa 

Tbs  23  and  33%  sata ration  rate  far  CO^  ohtaliwd  when  pelletisad  LtOB  was  q^read  os ' 
banks  for  3-  sad  4-hour  expoawres.  Is  crnisldetabiy  below  tbe  89  to  86%  jaturiUlon  reportedCO 
-far  flae  graaubur  UOSwhii^iB  stU  carried  oasidnaaiinas  far  emergeaey  use.  Howavsr, 
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the  exposure  was  much  shorter  for  the  pelletized  material  aad  It  la  reasoaaUs  to  assume  I 

equivalent  saturation  la  a comparable  time.  A higher  CO«  eoneentratloa  would  also  result  I 

In  a greater  saturation  rate.  As  to  the  relative  Hoerits  of  pelletlMd  and  granular  UOB  as 
absorbents  when  spread.  Reference  8 showed  them  to  be  cqulvideat.  | 

i 

Gas  Purging  on  Surfacing 

The  results  as  shown  in  Figs.  8, 8, 10,  and  11  show  only  a short  time  on  the  surface 
was  required  to  clear  the  atr  suftlelentty  for  another  dive.  Thus,  after  surfacing  tor  30 
minutes  with  air  Intake  through  the  bridge  access  trunk  the  average  CO^  conceatratton  was 
down  to  0.2%  (Ftg.  8)  which  at  tim  rate  of  buildup  obtained  during  the  tint  dive  would  have 
allowed  another  8-hour  submergence  before  reaching  l.S% . FlgUra  10  shows  timt  the  CO 
and  R,  concentrations  were  aufltclenlly  lowered  to  prevent  their  being  ths  limiting  factors. 


CO,  Evolution 

The  results  of  three  calculatloiis  of  the  CO,  evolution  rate  agree  quite  well  and  thalr 
average  of  0.080  Ib/man-hr  (0.70  eu  ft  (STP)/ix^-hr)  may  be  compared  with  the  foUnwlng: 
0.74  cu  ft  irom  the  SAILFISU  test  (8),  0.72  cu  ft  from  a comparable  period  la  OperaUoa 
Hideout  (10),  0.70  to  0.82  from  scrubber  tests  on  the  PERCH  (11),  0.68  cu  ft  from  an  R beat 
dive  In  1832  (7).  The  differences  are  easily  accounted  tor  by  variatlonB  ta  crew  aettvily; 
the  level  of  acttvlty  during  the  experimental  dives  was  no  doubt  lower  than  during  a war 
patroL 


Ship's  Volume  Determlnatloas 

The  figure  of  38,500  cu  ft  which  was  obtained  by  releasing  a tmown  amount  of  bottled 
nitrogen  Into  the  sealed  boat  ts  believed  to  be  the  iiiost  accurate  value  and  was  used  la  all 
calculations.  The  Coodable  volvime  given  on  the  ship's  moment  diagram  la  somewhat  lower 
at  35,850  cuft  and.  while  given  to  lour  places,  ts  not  believed  to  be  as  accurals  for  the 
purposes  of  this  report  as  the  above  value.  TTw  calculated  volume  of  41,000  cu  ft  obtained 
from  the  change  In  CO,  concentration  produced  by  releasing  a known  amount  of  CO,  In  a 
known  time  Is  believed  to  be  the  least  accurate  of  the  three  figures  because  of  Us  depend- 
ence on  extreme  accuracy  In  determining  the  average  CO,  concentralloB  and  Uie  CO,  evo- 
lution rate  over  a short  period  of  ttnu. 


Oxygen  Sopiily  and  Coanumptioa 

It  Is  of  Interest  to  note  that  when  the  beat  pressw-'v  was  sUowad  to  build  qp  wUh  so 
large  pumpdowns  during  ths  first  dlvs  over  half  (64%)  of  the  oxygen  auppUed  cauM  from 
the  air  leaks  into  the  boat.  On  the  other  hand,  when  there  were  regular  pun^pdowaa  to 
prevent  a steady  pressure  butldup  during  the  second  dive  essential^  aU  of  the  oxygeo  lor 
breathing,  smoking,  etc.,  came  from  the  oxygen  banks.  Thus,  from  the  stswlpolid  cdo^ 
get-  storage.  It  ts  bettor  not  to  pompdowa  during  an  extanded  diva.  However,  It  ts  dls-  ' 
advantageous  because  the  excess  pressure  oompUeaten  the  aurtaelng  operatloa  and,  tf  ttc 
O,  partlsl  pressure  is  malntalnrd  st  a normal  level  of  about  160  mm  Hg,  ttw  pressars  drop 
on  surfacing  aoay  be  daagerona.  Therefore,  If  the  pressure  were  aUoe^  to  reach  48  la. 

Bg  (itj  In.  was  readied  In  38-1/8  hours  during  Uie  first  dtvs)  tbs  exygm  eoacaatrattoa 
would  be  down  to  1S%  at  160  mm  Hg  partial  pressuie  wiikb  Is  below  the  noirmsl  Uaalt  of 
safety  when  ttie  total  pressure  drops  to  atmospherfe. 
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Thus  UMi  •stlowte  e<  20  to  so  days  oxygM  impplY  lor  tlM  TROTir  clwa  la  R«fox«iie«  t 
mnst  be  accepted  vtth  raaenaUba  aa  U U true  only  when  the  boat  pnssm  to  allbwad  to 
«teadUy  toerease;  tb^  martmum  allowable  praasnre  would  then  llntU  the  duxathm  ol  the 
dlye,  e.  g.,*toMit  70  hours,  wtto  a pressura  Incretsa  rate  equtoalant  to  that'of  the  first 
(Uve  ol  this  eratos. 


Hydrogea  Eliminator  Operattoa 

The  bydrogea  eliminator  parlonned  two  lunetlons  oa  toe  second  dtee.  The  first  was 
to  tower  the  B,  concenirattoa  la  toe  boat  from  1.7S%  to  1.1%  use  of  the 

for  tots  purpose  was  probably  not  essential  since  the  huii  nractlcallT  toealed 

off  by  the  starting  time  don  to  the  decreased  gassing  rate  of  the  batteries.  Tbs  second 
fuacUon,  which  was  uaiateatlolml,  was  to  remove  CO  sad  cause  its  cooocatnUloa  to  level  off. 

The  elimiastor  did  not  function  when  it  was  first  stsrted  because  toe  cstelyst  bid  sot 
bees  bested  to  a suffletenay  Ugfa  temperature.  After  thls'bad  been  remedied  the  unU  oper- 
ated effectively  as  a hydrogen  eliminator  eoastderlag  that  its  performance  improves  ss 
toe  hydrogen  oonceatrstiaa  tocressea.  Since  it  was  determined  that  toe  eliminator  outlet 
ooneentratton  was  about  half  that  of  the  inlet  tote  may  provide  a of  ««««»t«ionng  00 
on  a submarine.  However,  it  te  oot  an  ideal  solution  aa  toe  eliminator  ccmeumes  from 
1-1/2  to  a kw  of  electrical  power. 
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PerlOrmaacs  of  Ship's  Instrunusts 

CO,  concentrations  determined  with  Dwyer  snslysevs  are  comisured  in  Figs.  IS  and  IS 
and  Appendix  F with  thoee  ebtained  with  infrared  analysers.  Tbs  Dwyer  readings  have  bees 
corrected  for  pressure  to  read  percent  effective  aa  toe  Infrared  analysers  do  a^  all  valuaa 
have  been  rounded  off  to  toe  nearest  0.1% . Aa  shown  in  Fig.  3 each  type  instrument  was 
used  in  three  different  compartments  with  no  compartment  hiving  boto  types.  The  nverage 
of  toe  infrared  values  to  believed  to  represent  best  the  average  CO,  ooneentratton  in  the 
boat  ted  it  can  be  seen  that  there  is  generslly  good  agreement  between  toe  averages  obtetned 
throughout  boto  dives  with  both  inatruments.  Thus  toe  Dwyer  analyser  appears  to  be 
lactory  for  Us  Intended  use  under  toe  foUowtng  condiUons:  (1)  several  tnUruments  should 
be  used  and  readings  aheuld  be  taken  in  several  eompartmente,  sad  (2)  toe  tnstrumeato 
abould  be  properly  operated  and  malaUlned.  The  ne^  for  toe  first  condiUon  la  ahown  by 
toe  seriee  ol  low  readings  obtained  with  one  tnairumeat  between  the  S8to  and  32nd  hours 
of  toe  second  divui 

The  hydrogen  ooneentratton  aa  automatically  recorded  by  the  MIU.  Composite  Oaa 
Analyser  baa  been  taken  aa  toa  best  value  for  toe  ship’s  atmosphere.  However,  for  com- 
parative purpom  Appendix  G tabuiatee  toe  readtnga  token  routinely  on  toe  ahlp’a  hydrogen 
Indtcatora  as  well  aa  toe  corresponding  values  from  the  Contpoeite  Analyser.  From  ihaaa 
data  It  esa  be  aeen  that  the  after  battery  iwH^tor  became  inaccurate  dur*«g  botii 
dives.  The  forward  battery  Indicator  agreed  very  weU  with  toa  composite  Analyser  daring 
the  first  dlvw  but  road  considerably  lower  during  moat  cl  toe  second  diva.  This  appasrs  to 
indicate  that  neither  ol  the  ship’s  hydrogen  indtcatora  Is  kaUabla. 

Hourly  osygea  partial  preaiure  readings  for  both  dives  are  Mbalatod  In  Anoendix  D. 

The  ship's  lastniiaeat  appears  to  ba  at  laaat  the  vqial  d the  teat  taatruvwnis  In  acoataoy 
of  calibrattoa  becenae  toa  laUlal  readlnga  (at  2300  oa  11/3(9  dW  and  IM  mm  Bg  durii« 
IhaJixstdhra  apparanUy  indicate  a bii^  caltonUoa  for  toe  teat  tnsfanunents  since  tote  la 
abofM  Bonaal  atmospherte  preasera  sad  toe  osygea  bleed-ia  had  ad  yet  atarteiL  It  vms 
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qvlte  dUtlcMlt  to  iwd  Um  tfpt  tastnoMiit  nivitod  to  flw  i|lilp  dnt  to  foor  UlnmlattlM  wttk 
or  wlttoMi  * ItothHi^ii 

Ths  aklpto  bucoMter,  lecttod  oa  tta  port  stite  to  tot  oontrdl  xooa,  «m  calibntod  at 
mCi  after  too  oxportaMBtol  divta  and  waa  touad  to  ba  aocarato  to  t0.05  to.  KgOMr  too 
rant#  of  30 J)  to  37 JO  to.  Hg.  Thia'  ahould  be  hl^kly  aattataetory  for  Ita  aonoal  aaa  aad  tot 
pncUea  of  raadtog  to  toe  aaareat  0.01  to.  Hg  appaara  to  ba  uanaoeOaOxy. 


OONCLQSiaMS  AND  MOQMiniMmTIOMO 
CO,  Baaeoieal  Itjatom 

Tba  boppar  ayateai  of  natog  LiOil  or  *~**  V1*”*  appaara  to  ba  practleal  lor  aiadlaae 
aubiaargoaoa  aiibiaarlnca  Oaeb  aa  the  SA3  elua.  The  nMirinniiii  aaount  of  LlOU  that  toe 
TROUT  caa  ooaTMtently  carrp  to  3000  lb  (3)  which  wUh  a a>hoppar  ayateu  would  permit 
a 10«dap  coatlaiawa  aubmargcape  for  75  to  80  oeea  at  a OC^  coacaatzattoa  of  1.8%.  Battery 
capacity  would  prevent  a atogla  diva  of  tola  laagto  aad  the  total  aatoaarged  ttme  for  a 
aartea  of  ahorter  divaa  would  ba  greater  bapauaa  of  the  t to  10  houra  avaUabte  bafoM  toe 
CO^  raachaa  1.8%  at  the  atart  of  each  diva.  Aaatoer  aeaaas  of  axtondtag  the  total  aub- 
mergad  ttoee  la  to  purge  the  boat  wheaavar  poaalble  by  lairfartag  or  aaorkaltog  for  abut 
perioda,  I.  a.,  30  mliuitoa  or  teaa. 

The  uaa  of  aoda-llaw  to  pUea  of  LtOH  la  of  toteraat  bacauaa  of  Ita  rolattvoly  low  eaat„ 
aaaa  of  haadltog,  aad  axpendibUlty.  Howtvor,  If  ihroa  toqipora  are  uaad,  tt  would  require 
25%  more  volume  and  140%  more  weight  for  atowaga  toaa  LtOU  with  the  name  method  of 
packing  aad  would  not  bo  aattafactory  for  caMiganoy  ooo. 

It  appaara  from  tbaaa  tecta  toat  hoppera  are  aooeewhat  tocon valent  to  toatall  aad  opar> 
ate  aad  It  to  raooaimciidad  that  work  be  dona  to  Improve  toe  ayatoah  A aumlfold  ayatem 
bavtog  a aelf •eontetoed  blower  aad  motor  with  a filter  and  uaiiig  toeapenalv  aapeadabla 
cannlatera  (poasibiy  fiber)  with  acreans  at  both  enda  and  filled  with  I-IO  meah  blgh- 
BMlatora  aoda-ltoM  appaara  worthy  of  toveatlgatloa.  According  to  Refaraace  3 uae  of  aoa- 
oMtallle  ooatatoara  would  greatly  Ineroaae  the  available  atowaga  epaeo. 

The  uaa  of  LiOB  to  toree  hoppera  doea  wot  appear  aattofaetory  aa  a maaas  of  rapidly 
lowartog  the  00|  coacantratlon  although  It  to  eooalderab^  more  eftldant  than  aproadtog 
the  aama  amouat  of  autartol  for  the  aame  time.  The  aaturation  of  aprtad  pallatlaed  LlOH 
la  relativaly  alow  but  la  oqutvatoat  to  the  ftoa  gnmutor  material  now  cdyrl^ 


The  aormhl  air  toaka  toalde  the  ahip  are  aa  touportaat  aource  of  oxygea  under  eertala 
conditlOBa.  For  divea  not  eaeeediag  76  houra  vtoera  a ftoal  boat  preaaure  of  42  to.  Big  to 
accapbtole,  laaa  toaa  half  of  the  eaygan  oonaumid  will  need  to  be  bled  from  the  oaygea 
banka.  However,  where  the  prenaere  to  punaped  dowa  pevtodically,  aaaanlially  all  of  the 
oatygen  eonaunwd  will  be  drawn  frona  too  oiqpgaa  baaka.  la  both  eiaaoa  It  to  aaanaaed  that 
the  esygea  partial  pMoaare  will  be  matofelnad  at  aboot  liU  aua  Hg  (aonaal  atmoepharle 
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I Th«  aifrugt  O,  ronwnwpf^ia  raU  tor  the  tiro  dlt—  was  aboot  0 J1  cw  ft  (8TP)/ai»- 

. { bour  which  coiMiderug  th*  avtracM  CO,  MoluUon  rate  olal^ottt  0.70  ea  ft  ^P)/inaB-koiir 

- i glVM  a respiratory  quotleat  ol  about  047.  The  dealpt  value  ol  1.0  ca  It  (STP)  ii  0^/ian- 

hour  still  appears  to  be  Mrrect  as  the  level  of  aettv^  was  prcMblj  lower  than  uonnal 
on  these  dives. 


COKvolutias 

The  problem  of  CO  la  the  ship's  atmosphere  durtag  exteadad  dives  will  probably 
become  increasingly  Important  since  it  appears  to  be  related  directly  to  smokiag.  The 
second  dive  suggests  two  methods  of  control  — restricted  smoking  aiul  operation  of  the 
hydrogen  eliminator.  The  former  is  undeslrsbls  psychologically  snd  ths  latter  from  tbs  • 
standpoint  ol  power  consumption.  No  idsal  solution  can  be  suggested  at  ths  presant  tima. 


Hydrogea  Evofadte 

The  hydrogea  eliminator  performed  aatiafactorily  after  an  initial  msehnnlcal  fan  t was 
remadted.  Tha  decreasing  gaaalag  rate  chajractertettc  of hatterlea  ahouUbs  ereU  nadar> 
stood  to  allmlnate  ovar  emfdiastB  of  tha  seed  for  hydrogea  eliminators. 


Pertormanea  of  Ship's  Taairuniaafs 

Tha  ship's  CO,  analyaera,  oaygea  ssalyser,  and  barometer  appear  to  be  Quits  ssUs- 
lactory  lor  thslr  intended  uss.  Ths  ship's  hydrin  indicators  did  not  perform  snUefactorlly 
during  thsss  tssta. 
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of  toe  cruise  sad  Is  much  appreciated.  Also,  ths  authors  ars  grateful  lor  tbs  asslstssco 
of  Mr.  J.  M.  Oavidsos  tBuSMps  Cods  5M)  is  conducting  taste  rslated  to  submsrins  saesps. 
tocimiqsss. 
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appkkdqca 

AlixUiuv  Eqalpmant  0p«nt9d  On  r lr*t  iM4  S«eoad  DIvm* 


rOBWARD  TORnSDO  ROOM  AFTER  BATTERT  BOCOf 


1 air  blowar 
1 hot  valar  boater 
Ughttec 

FORWARD  BATTERY  ROOM 
1 air  blowor 

4 battery-woU  clreulaHag  Sana 
1 battery  oxhanst  bhnror 
1 agitation  blowor 
1 TBL  traaamltter 
1 IM  oseUlater  boater 

1 AM^SQR-S  Sonar  Rooafarlas  Sot 
tonvartl  gyro  eompaao 
UgbUi^ 

OQNTROI.  ROOM 

No.  1 aectNo.  2 78>ktm  caaoiatom 
Mo.  2 400*ey€lo  (onorator 
No.  1 IMO  pttnF 

2 alrblowon 

No.  2 air  condltlonteE  nntt 

1 hot  water  puatp 

2 circulating  water  iMaiga 

2 gyro  compass  synchro  ampUtters 
1 dead  rsckonlng  comptAsr 
mUeeUaasous  IC  clrenRs 
UfdMlw 


1 sahaust  blowor 
1 agttaUon  blowor 
t battery  oabaust  blowor 
1 hot  water  boater 
I hot  water  boater  booster 
1 galley  roago  and  coon 
1 eolteo  urn 
1 roirigoratlaa  nail 
t'clrculatlag  water  pOBBB 
1 clrculatiag  blowor 

ItgiUlitg 

ENGINE  ANDMANEUVSBIHO  ROOMS 

t Clrculatiag  pump 
1 circulating  blowtt 
alter  gyro  compass 
1 air  booster  blowor 
1 preelpllrtm  blowor 
1 prcclpltron  booster  blowor 
1 lub  oil  pump 
mtecellaaoous  IC  ctrcalls 

STERN  ROOM 

1 clrculatiag  Idowor 
1 hot  water  beater 
1 mo  pump  (atoorteg) 


*0«  Um  •ocond  dir*,  ate^rlng  «aa  by  bead  mad  tea  pit  tog  mod  d««d  voebootog 
wore  ••curod. 
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coMnDBimii. 


APPEHDOCB 

Umomuy  ol  Electrical  and  Battar7  Xrf)gB 

TIm  electrical  and  batUinf  to(s  tor  the  llnt  and  secood  diecai  icay  be  «»»**«**«'»*«^  a* 
tolloers: . 

1.  Average  armature  eurrent  tor  each  of  the  4 motors  was  1S3  amp  during  the  first 
dive,  and  25  amp  tor  25  liours  and  225  amp  tor  1 hour  during  the  second  dive. 

2.  Average  range  of  field  current  tor  each  of  the  4 motors  ranged  from  14  to  2.5  aaap 
during  the  fi^  dive,  and  was  35  amp  tor  25  hours  and  17  azqp  tor  1 hour  during  tte 
second  dive. 

S.  Average  auxiliary  load  was  101  amp  tor  the  first  dive  and  78.5  amp  for  the  second 
dive. 

4,  Batteries  were  operated  in  parallel  and  ranged  from  530  to  475  voUa  tor  the  firat 
dive  and  530  to  485  volts  tor  tha  second  dive.  Table  B1  gives  itemised  intormatioa 
tor  both  the  forward  and  after  batteries. 


TABLE  B1 

Sumihary  of  Battery  1^ 


Bive 

Battery 

Pitot  CeU 

Average 

VenUlatton 

(cfn) 

Total  Ciinrge 
Used 
(amp*hr) 

AygTemp 

Cfl 

A'vg  Specific 
Gravity  at 
Start 

Start 

End 

1 

Forward 

101 

91 

1.261 

700 

4650 

After 

95 

M 

1.258 

USO 

0750 

a 

Forward 

35 

79 

1.258 

l£o0 

5800 

After 

98 

77 

1.260 

1300 

7100 

A'? 
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CONFlOEimAL 


APPEMQOCC 

AnaljiicKi  Pcoscduit^s  lor  Determining  Absorbent  Peforw.aeee  • 

ANALYSIS  OF  sAQS 

1.  Vwasoii  UOU  Mfta  assumed  tc  co.^tl^n  no  caxbonids. 

S.  Snmptaa  of  spent.  LlOE  •vran  <A>tnloed  during  the  cruise  bp  mixing  the  entir* 
hopper  charge  in  a cofumereUi-type  tumbler  mixer  and  drawing  a 4-ouaee  sample. 

S.  The  samples  rore  returned  tc  NEL  where  a portion  of  easm  was  powdered  with 
a mortar  and  pei^e.  To  dete.ruduc  the  total  LiQH  and  Li,CO,  contect approximately! -grata 
sa.m{des  we.'e  weighed,  dlssohrcd  in  water,  and  titrated  with  1 N ECl  tm  a Ijethyi  orange 
euOpolnL  "To  d*t8rmlae  the  LlOE  contstit  Mone,  approximately  1-giam  samples  we'o 
again  weighed  and  dissolved  water,  liil  ml  Ct  1 K BsCli  solution  was  added  to  each  sam- 
ple to  preciplJUde  the  cribonaie,  and  the  raixtmw  was  titrated  w|i3i  1 N HCl  to  a phsnoi- 
phtbrJeln-endpoinL  Pram  these  two  determinationa  ths  carbonate  content  can  M obtained 
by  dl.'feianoe. 

4.  V/algbts  ^2  hopper  charges  before  and  a<^ter  use  wor^  determined  dvrir-s  the  cruise. 
Front  the  above  analyses  the  CO^  absorptiou  In  terms  of  ii.ted  material  is  cbtai'jed.  MulU- 
pl'iag  thts  value  by  the  ratio  kjf  final  to  initial  weights  of  ebserbent  gives  'the  ueslred  renuU  . 
of  pounds  cf  CO,  absorbed  ptu.-  poimd  of  uniwed  LiOH. 


ANALYSIS  OF  SQDI  -T.IMK 

i.  Approximately  one  Uilrd  of  the  unused  soda-ilmo  Iras  sampted  'I’urlng  hopper  111- 
Itega  by  toklag  4-tiunce  samples.  Used  soda-lime  wsa  sampled  during  the  cr..«[5e  by  mUtes 
the  antiire  hopper  charge  in  a cfunmercial-^;^  tunbler  mbceir  and  taking  4-oune«  samxdca. 

S.  Those  samples  were  ground  at  NuL  to  the  aurue  nmnner  as  was  i«ie  LiOH  santtplea. 
Then  approximately  4-graia  sam^es  wete  weighed  and  anrly««d  gssometrlctily  by  adding 
the  mlnimuT,  amcuot  of  S N fiCl  required  to  dianclve  the  materb^ 

3.  Initial  and  final  hopper  charge  weights  -virt,  determined  during  the  cruise  as  for 
UOfi.  The  resulta  obtained  tor  need  soda-Unst  by  the  above  luialysis  were  put  in  terms  q( 
weight  of  CO,  per  pound  of  Initial  material  which  was  then  corrected  for  teiilal  COg  con  > 
tent  isy  aubtracting  th?  averatre  of  the  initial  soda-Umo  .nhUynis  resulta. 


*<M)rformed  by  C.  H.  Blacbly  ol  the  Analv*^cal  Section  CSMcoietry  Oivlelc* 
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AFPE^DCP 
Oxygen  Cooceatratton* 


Oxygen  Concentrations*  on  First  Dive 


Data 

Tima 

FwL 

TOrp. 

Rio. 

Fwi. 

BttL 

Ru. 

Stem 

Rm.t 

Avg 

Date 

lime 

Fwd. 

Torp. 

Rm. 

Fwl. 

Bat. 

Rm. 

Stem 

Rm.t 

Avej 

2200 

m 

1601 

wm 

1800 

«1 

160 

170 

EEEil 

■■ 

2300 

105 

158 

166 

163 

1300 

172 

180 

170 

n 

2400 

US 

U1 

168 

164 

2000 

173 

168 

170 

2100 

ITS 

160 

171 

171 

ia/1 

U7 

ICl 

168 

165 

2200 

173 

160 

172 

171 

161 

170 

166 

2300 

173 

160 

170 

171 

0300 

189 

164 

173 

171 

IH 

3400 

174 

169 

172 

171 

.0400 

160 

165 

172 

168 

L..-e  ■ ■■ 

'^0500 

m 

165 

17£ 

leo 

1V3 

0100 

174 

171 

OGOQ 

167 

:;2 

168 

0200 

174 

160 

m 

(ffWl 

171 

167 

172 

17U 

0300 

174 

180 

170 

171 

0800 

172 

167 

172 

110 

0400 

173 

170 

170 

i71 

0300 

Vi3 

168 

173 

171 

0500 

174 

170 

no 

171 

1000 

113 

168 

173 

171 

0330 

172 

160 

168 

160 

1100 

178 

168 

172 

171 

0700 

172 

160 

170 

173 

1200 

1731 

188 

174 

171 

0800 

173 

US 

160 

170 

1300 

173 

1S8 

174 

171 

0800 

174 

170 

169 

171 

14U0 

1 113 

168 

172 

171 

1000 

1V8 

170 

160 

1500 

173 

loe 

172 

W1 

1100 

173 

170 

mm 

ICOO 

168 

138 

1200 

174 

170 

! 

WOO 



ISOO 

175 

170 

Ifn 

prc«8«rc  in  mm  Hg 
tFrom  honrly  p«a«l  meter  rcuiinga 
iSetlmaUd  fiom  abept!  ol  stffira  room  record 


COT’fFZDKKmX. 


Jf 

I • 


M>rr 


Time 

F«d. 

Torp. 

Rm. 

rmi. 

Bat. 

Rm. 

Stern 

Rm.t 

1100 

158 

153 

154 

1200 

157 

152 

154 

1300 

157 

132 

154 

1400 

158 

152 

152 

1500 

156 

152 

152 

1600 

IM 

152 

ISO 

1700 

154 

152 

150 

1800 

154 

152 

190 

1900 

154 

152 

150 

2000 

156 

152 

150 

2100 

1S6 

152 

150 

2200 

156 

150 

150 

2300 

156 

150 

148 

2400 

154 

152 

150 

Date  { Timo 


12/4  0100 
0200 


156  152 

156  152 

156  152 

157  152 

154  152 

155  152 

156  152 

156  152 

157  153 

156  154 

144  144 

141  136 

141  136 

140  137 

141  137 

140  137 

140  137 

40 

40  13 

43  U 
.43  13 

.45 


148  152 
150  153 
150  153 
ISO  ISS 
150  152 
UO  153 

150  153 

151  153 
150  153 

152  155 
142  143 
134  137 
134  137 
134  137 
134  137 
134  137 
136  137 
136  138 
156  138 
136  139 
138  140 
140  142 
142  143 
142  144 


144  147 
146  146 
148  ISO 


*PaTtUl  prcaaorc  ia  nutt  1%' 
tl'VMB  bmuly  paael  xnctcr  readloge 


154 

0500  i 156 
158 
0700  160 

0800  162 
0900  164 

lOOO  159 
1100  145 

1200  145 

1300  146 

1400  147 

1500  149 

1600  146 

1700  147 

1800  l4'o 
1900  149 

2000  152 

2100  152 

2200  153 

2300  153 

2400  154 


12/5  0100  155 

0200  155 

0300  157 

0409  156 

0500  157 

0600  158 

0700  160 

0800  153 

0900  163 

1000  162 
1100  ISO 
1200  153 

1300  154 

1400  154 

1500  156 

1600  154 

1700  157 

1800  157 

1900  156 

200C  169 

2100  161 


154 

155 
IW 
155 
144 
146 
146 
148 
148 
150 
ISO 
150  152 

152  154 

153  155 

154  157 
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Oxygen  Blecd-In  During  ScoMut  Dive 


Date 

Timn. 

Casmnivr 
R«adii« 
(Uteri  xlO) 

Gas 

Tamp 

CF) 

Bironwtir 
Rndlng 
(In.  He) 

SM  Wattr 
Temp 

(•f) 

0,Biiik 

Preuuru 

(prig) 

OS,  AdM 
in  1 br 
(IttirixtO. 
'ambtot) 

Tamp 

Coer* 

II 

O,  Added 
in  1 Ur, 
Coi reeled 
UMcrit 
STP» 

13/1 

1100 

14S00 

80 

S8.1 

61 

1339 

• 

- 

» 

1200 

1863S 

80 

38.3 

63 

3329 

4130 

0.08 

3720 

UOO 

SS67S 

81 

38.7 

63 

3200 

7340 

0.010 

0.00 

6900 

l400 

33406 

80 

20.0 

Cl 

3300 

7531 

(Bila) 

1.00 

6980 

ISOO 

40833 

80 

30.1 

61 

3200 

7526 

1.01 

6000 

1600 

48479 

70 

30.1 

63 

3300 

7543 

1.01 

7000 

1700 

S642I 

70 

30.3 

64 

3300 

7053 

1.01 

7300 

1800 

6SC8B 

70 

30.4 

64 

1179 

6661 

1.02 

6260 

1900 

71636 

60 

30.6 

69 

3160 

8536 

1.03 

8000 

3000 

78233 

70 

30.8 

69 

3150 

7997 

1.03 

7100 

3100 

66401 

70 

30.8 

66 

3150 

7350 

t.OS 

6680 

3200 

•6440 

70 

31.0 

09 

3139 

0068 

1.04 

8560 

3300 

04400 

70 

31.1 

66 

2110 

0040 

1.04 

8650 

3400 

USOO 

70 

31.1 

63 

3110 

•071 

1.04 

8680 

U/4 

0100 

33530 

70 

31.1 

63 

2100 

8051 

1.06 

8680 

0300 

31360 

70 

31.4 

63 

2100 

8840 

1.05 

8560 

0300 

40100 

70 

31.6 

64 

3079 

8811 

1.06 

8600 

0400 

41010 

70 

31.7 

63 

3079 

8730 

1.06 

8510 

OSOO 

50370 

70 

31.0 

63 

2060 

8368 

1.06 

0140 

0600 

6G606 

76 

31.0 

61 

3035 

•328 

1.07 

8200 

0700 

7S674 

76 

33.0 

60 

2010 

0060 

1.07 

8040 

OBOO 

OM69 

74 

33.1 

60 

3000 

8701 

1.07 

8650 

OMO 

03427 

76 

33.1 

60 

1079 

•062 

0000 

1000 

0M7S 

77 

33.9 

60 

1060 

•049 

0065 

1100 

11039 

76 

30.6 

1050 

0463 

0400 

1300 

33373 

76 

38.0 

60 

lose 

10430 

0.07 

0910 

1300 

31730 

74 

20.1 

60  ' 

1040 

0356 

0.87 

8950 

1400 

41303 

74 

30.1 

1040 

8576 

0.06 

8640 

ISOO 

91063' 

74 

30.1 

61 

1039 

10660 

6.08 

0610 

1600 

66650 

73 

30.4 

61 

1010 

MOOT 

0.04 

13310 

1700 

81437 

73 

30.9 

61 

1000 

14817 

0.90 

13500 

1600 

07301 

11 

39.6 

61 

1060 

19804 

0.09 

14480 

1800 

15700 

71 

38.0 

61 

1760 

16399 

1.00 

16890 

3000 

31010 

71 

30.0 

61 

1619 

16319 

1.00 

14030 

45450 

74 

30.0 

61 

13539 

1.00 

13480 

87534 

74 

30.1 

61 

1760 

41060 

1.01 

30100 

30340 

74 

3a4 

61 

1710 

31810 

1.03 

30600 

91670 

74 

30.6 

U 

1700 

31330 

1.02 

80400 

Wi 

0100 

64034 

71 

30.7 

61 

1675 

33194 

1.03 

3M00 

U'OO 

13241 

71 

30.0 

61 

1650 

18419 

1.03 

86010 

43011 

71 

31.0 

61 

1600 

30769 

1.04 

28490 

o«co 

72060 

71 

11.1 

61 

1550 

19040 

1.05 

38100 
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CONFIDENTIAX. 


Oxygen  BlMg-In  Oaring  Sneurt  XMvn  (ooniVI 


GnxoMUr  I Gan  iBaromatarlSna  Water 


Date  Tiaw  Reading  iTemp  Reading  Temg 

(itteraniO)  m (in.  Hg)  M 


OMTC  I 71 
18213  I 71 
71 

•1173  I 71 
70 

UBa  71 

S112B  71 

S0501  72 

•7320  74 

•S8SS  74 

74 

17402  70 

SOOTS  7S 

S8140.  73 

•0  74 

73 

1050S  I 71 
4(niS  I 73 
80504  I 73 

73 


13/S  0500 

oeoo 

0700 

oooo 

0900 

1000 

1100 

1200 

1300 

1400 

ISOO 

1800 

1700 

1800 

1800 

2000 

2100 

2100 

3300 

2400 

12/«  0100 
0200 
0300 
0100 
0500 
0000 
0700 
0800 
0800 
1000 
1100 
1100 
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APPKHDDCO 

HydroK«n 

Wifimtmk  RMdliHta  Dwiag  rtrat  Vtm 


DiA* 

Tim* 

HydMgca  CoTcatraUea 
(%tnM) 

Fonurd 

Battary 

Room* 

After 

Battery 

Room* 

BSS 

IB 

11/10 

UOO 

m 

0 

0 

2300 

0 

0.8 

0300 

0.1 

0.8 

0700 

0.42 

0.18 

0.8 

1100 

0.0 

0.178 

0.8 

IMS 

0.8 

0.78 

0.78 

0.M 

0.8 

2300 

0.8 

0.4 

0.8 

IV* 

0400 

0.81 

m 

m 

0700 

0.81 

wSm 

1200 

0.83 

1 0.08 

tii 

^ *Fvom  Mf'a  liy4MgM  Iwdlcatova 
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